of 1 h. To maintain therapeutic range, the drug should be administered 3-4 times a day, which leads to the saw tooth kinetic of the absorption and resulting in ineffective therapy. The conventional oral regimen results in initial high peak plasma level and that fall drastically below the effective concentration before the next dose. Hence, many authors attempted to develop sustained/extended release dosage forms for cephalexin in order to achieve constant effective plasma concentration. Shin and Cho 3) studied cephalexin release kinetics from Eudragit-hydroxypropyl cellulose membranes. Martinez-Pacheco et al. 4, 5) formulated double-layer tablets containing small proportions of acrylic resins for cephalexincontrolled release and also studied the effect of compression force on biopharmaceutical characteristics of Eudragit RS-based cephalexin tablets. Schneider et al. 6 ) evaluated cephalexin prolonged release formulation for better therapy. Dhopeshwarkar et al. 7) developed cephalexin sustained release matrix tablet by using xanthan gum and sodium alginate.
In our previous work, we reported 8) Eudragit L100 based cephalexin tablet with ideal release profile. In the present study we attempted to formulate cephalexin extended release tablet by using hydroxypropyl methylcellulose (HPMC), which is economic and the drug release from HPMC matrix is uniform irrespective of the pH. Since the solubility of HPMC is pH independent, constant release rate throughout the gastrointestinal tract can be expected from the HPMC based tablets than the Eudragit whose solubility is pH dependent. The influences of HPMC, microcrystalline cellulose (MCCP), method of granulation technique, wetting agent, hardness, and storage on in vitro release profile were studied to find out suitable tablet formulation with acceptable physical and chemical parameters. The tablets were characterized by drug content, weight variation, hardness, thickness, friability, and stability. The in vitro release of formulated extended release tablet was compared with a marketed sample.
Theory By considering pharmacokinetic parameters, we have calculated and reported 8) theoretical release profile of cephalexin for an ideal tablet. Briefly, the tablet should release 125 mg of cephalexin initially within first 1 h and 46.7 mg of cephalexin per hour for next 5 h from 375 mg of total dose in order to maintain plasma cephalexin concentration of 4.5 mg/l. The percentage of drug to be released from an ideal tablet containing 375 mg of cephalexin is given in Fig. 1 .
Experimental
Materials Cephalexin IP was obtained from Orchid Chemicals and Pharmaceutical Ltd., India. Hydroxypropyl methylcellulose (Methocel 15 cps) was obtained from Dow chemicals India. Polyvinylpyrrolidine was purchased from Shanghai Sun Power New Material Company, China. Magnesium Stearate IP was procured from Sinai Pharma Pvt Ltd., India. Lactose IP was purchased from Lactose India Ltd. All other chemicals used were of analytical grade.
Preparation of Cephalexin Extended Release Tablets by Wet Granulation Technique
The cephalexin extended release tablets (batches [1] [2] [3] [4] [5] were prepared by wet granulation 9) technique. Ingredients required for 6000 tablets as per the formula given in Table 1 were weighed and granulated as follows. The drug and HPMC were separately passed through sieve #40 and 60, respectively and mixed with lactose, which was previously passed through sieve #40, in a double cone blender for 5 min. After mixing the powders were transferred to 10 l capacity rapid mixer granulator (Kevin engineers, India) and granulated for 3 min by using 10% w/v Polyvinylpyrrolidine (PVP) in isopropyl alcohol (50% v/v) as binding agent. The wet granules were passed through sieve #18 and dried at 40°C for 90 min in a tray The object of this study was to develop hydroxypropyl methylcellulose (HPMC) based cephalexin extended release tablet, which can release the drug for six hours in predetermined rate. Twenty-one batches of cephalexin tablets were prepared by changing various physical and chemical parameters, in order to get required theoretical release profile. The influences of HPMC, microcrystalline cellulose powder (MCCP), granulation technique, wetting agent and tablet hardness on cephalexin release from HPMC based extended release tablets were studied. The formulated tablets were also characterized by physical and chemical parameters. The dissolution results showed that a higher amount of HPMC in tablet composition resulted in reduced drug release. Addition of MCCP resulted in faster drug release. Tablets prepared by dry granulation was released the drug slowly than the same prepared with a wet granulation technique. Addition of wetting agent in the tablets prepared with dry granulation technique showed slower release. An increase in tablet hardness resulted in faster drug release. Tablets prepared with a wet granulation technique and having a composition of 9.3% w/w HPMC with a hardness of 10-12 kg/cm 2 gave predicted release for 6 h. The in vitro release data was well fit in to Higuchi and Korsmeyer-Peppas model. Physical and chemical parameters of all formulated tablets were within acceptable limits. One batch among formulated twenty-one batches was successful and showed required theoretical release. The effect of storage on in vitro release and physicochemical parameters of successful batch was studied and was found to be in acceptable limits.
drier (Bombay Engineering Works, India). The dried granules were passed through sieve #14 and the moisture content was determined by Karl Fischer method (Karl-Fischer Titrator, Precision V/M MD, India). Then the dried granules were passed through sieve #14, lubricated with magnesium stearate by mixing in rapid mixer granulator (Kevin Engineers, India) at slow speed for 5 min and compressed using 15/32 flat punches in Cadmach tablet compression machine to get tablets. Batches 1, 2 and 5 were prepared by using different ratio of HPMC as per the formula given in Table 1 . Batches 2, 3 and 4 were prepared with varying quantity of MCCP. To study the effect of hardness on release profile, in each batch, three sub-batches A, B and C were prepared with a hardness of 6-8, 8-10 and 10-12 kg/cm 2 , respectively.
Preparation of Cephalexin Extended Release Tablets by Dry Granulation Technique
The granules required for batch 6 (6000 tablets) were prepared by dry granulation technique 9) as per the formula given in Table 1 . The drug and HPMC were separately passed through sieve #40 and 60, respectively and mixed with lactose, which was previously passed through sieve #40, in a double cone blender. The resulting mixture was compressed into slugs using 12.5 mm flat punches. The slugs thus obtained were crushed in Kalweka dry granulator, passed through sieve #14 and the moisture content were measured (Karl-Fischer Titrator, Precision V/M MD, India). The ultimately obtained granules were lubricated with magnesium stearate by mixing in a rapid mixer granulator (Kevin Engineers, India) at slow speed for 5 min and were compressed to tablets by using 15/32 flat punches.
Batch 7 was prepared with a wetting agent polysorbate 80, in order to study its influence on the in vitro release. The tablets were prepared by the procedures similar to that of batch 6. Polysorbate 80 was added to cephalexin/HPMC mixture in the double cone blender and mixed for 5 min. Then the lactose was added and the tablets were prepared as described for batch 6. To study the effect of hardness on release profile, in each batch three sub-batches A, B and C were prepared with hardness of 6-8, 8-10 and 10-12 kg/cm 2 , respectively. Physical Parameters The formulated tablets were tested 9, 10) for weight variation, thickness, friability (Friability test apparatus, Indian Equipment Corporation) and hardness (DrSchleuniger Pharmatron).
Drug Content Twenty tablets were weighed and powdered. The quantity equivalent to 100 mg of cephalexin was weighed accurately and taken in 100 ml volumetric flask. Fifty milliliters of water was added, sonicated (Sonicator-Branson, SmithKline) for 5 min, made up to 100 ml with water, and filtered. Two milliliters of above solution was diluted to 100 ml in a volumetric flask and the drug was determined at 261 nm 5) by using UV-visible spectrophotometer (Shimadzu UV-2201).
In Vitro Release Studies The in vitro release of cephalexin from formulated tablets was carried out in 0.1 N HCl for 1 h, and continued in 0.01 N HCl for another 1 h and finally in phosphate buffer pH 7.4 for 4 h. The studies were performed in USP dissolution apparatus 1 (Programmable tablet dissolution tester USP XXI and XXII, TDT 067, ELECTROLAB, India) at 37Ϯ2°C and 100 rpm. Samples were taken at hourly interval and analysed for cephalexin content at 261 nm 5) by using UV-visible spectrophotometer. The same procedure was followed to study the in vitro release of cephalexin from a marketed product.
Stability Studies The formulated cephalexin tablets, batch 2 which gave in vitro drug release complying the calculated limits, were kept for a short term accelerated stability study in high density polyethylene sealed cover at 40Ϯ2°C/75Ϯ5% RH as per International Conference on Harmonization States (ICH) guidelines. Samples were with-drawn for every month of storage and evaluated 8) for appearance, hardness, drug content, and dissolution.
Release Kinetics Data obtained from in vitro release studies were fitted to various kinetic equations. The kinetic models 11) used are zero order, first order and Higuchi equation. The following plots were made: Q t vs. t (zero order kinetic model); log(Q 0 ϪQ t ) vs. t (first order kinetic model) and Q t vs. square root of t (Higuchi model). Where Q t is the amount of cephalexin released at time t and Q 0 is the initial amount of cephalexin present in tablets. Further, to find out the mechanism of drug release, first 60% drug release was fitted in Korsmeyer-Peppas model:
where M t /M a is fraction of drug released at time t, k is rate constant and n is release exponent. The n value is used to characterize different release mechanisms.
11)

Results and Discussion
An ideal extended release tablet should release the required quantity of drug with predetermined kinetics in order to maintain effective drug plasma concentration. To achieve this the tablet should be formulated in such a way to release the drug in a predetermined and reproducible manner. By considering the biopharmaceutic and pharmacokinetic profile of the drug, the required release from the tablet can be predetermined. 8) To achieve the predetermined release profile, various formulation factors like polymer/drug ratio, hardness and additives should be modified to get the required release. Ideally, the tablet should release the drug as per the predetermined rate even under storage conditions. Cephalexin is effective in wide variety of infections because they have a broad spectrum and high therapeutic/toxic ratio. Cephalexin monohydrate 2, 12) is a white to cream crystalline solid with bitter taste and having molecular weight of 365.4 (347.4 for anhydrous). It is soluble in water (1 g in 100 ml) and in dilute aqueous alkaline solutions. It is very slightly soluble to practically insoluble in alcohol and other organic solvents. Cephalexin is sensitive to moisture, heat and light. Generally tablets, capsules and dry powders should be stored 2) between 15-30°C, in a dry and cool place. Reconstituted suspensions 2) are stable for 7 to 14 d at between 2-8°C and 6-15°C. In hydrochloric acid buffer (pH 1.2), cephalexin lost 5% activity in 24 h at 37°C as compare to a 45% loss in phosphate buffer at pH 6.5. 13) Cephalexin in serum was found to lose 10%, 50%, 75% activity respectively, after storage at 5°C, 25°C and 37°C for 48 h. 13, 14) The antibiotic retains activity well in serum and urine as no loss in activity was noted after storage at Ϫ20°C for 14 d. 14) Because of shorter biological half-life, cephalexin should be preferably given in extended release dosage forms. In our previous work, we have calculated and reported the required theoretical release profile of cephalexin 8) from tablets ( Fig. 1 ) and formulated Eudragit L100 based cephalexin tablet with ideal characteristic. In the present work, we tried to develop HPMC based cephalexin tablets, which could release the drug in predetermined rate for 6 h. Twenty-one batches were formulated by changing formulation parameters as per the formula given in Table 1 , in order to study the effect on in vitro release kinetics and to find out the tablet formulation, which will give required release profile.
Batches 1, 2 and 5 were formulated by using various cephalexin/HPMC proportions as per formula given in Table  1 , in order to study the effect of HPMC on drug release profile. Amount of percentage of polymer added in each batch is shown in Table1. Figure 2 shows the cephalexin cumulative percentage released versus time for tablets formulated with various percentage of HPMC. All the batches showed a release over 4-6 h. As expected, the release rate was slower with higher quantity of HPMC, the tablets having 9.3% of HPMC with respect to drug showed optimum release profile as shown in Fig. 2 . At higher percentage of HPMC in tablets, when in contact with release medium, HPMC may swell 15, 16) and form a thick gel, thus may decrease the size of the pores present in the tablet and reducing the drug release.
Using the same formula and changing the granulation technique batch 2 and 6 were formulated in order to find out the change in release kinetics. As shown in Fig. 3 , tablets formulated by dry granulation released the drug slowly than the tablet formulated by wet granulation technique. This may be due to slow penetration of dissolution medium into the tablet prepared by dry granulation technique. The presence of more moisture in granules prepared by dry granulation technique (Table 2 ) resulted in the faster swelling of HPMC matrix, which might reduced the pore size through which diffusion of drug towards the dissolution medium 15, 16) occurs and thus slower the release of drug. More over the presence of PVP, highly water soluble additive, in the tablets prepared by wet granulation technique, may undergo rapid dissolution which may favour penetration/contact of dissolution medium inside the swollen HPMC matrix/drug and thus may give faster release.
To study the influence of wetting agent on in vitro release profile in batch 7, polysorbate 80 was added as wetting agent and its effect on in vitro release was studied. The influence of polysorbate 80 on the in vitro release of cephalexin from the formulated tablets is given Fig. 4 . Theoretically, the addition of wetting agent, which enhances the contact of drug and dissolution medium, should result in faster dissolution. Nevertheless, as shown in Fig. 4 , the presence of the wetting agent in the HPMC matrix tablet has reduced the drug release considerably. Addition of wetting agent in HPMC tablets will enhance the contact of polymer matrix with the dissolution medium, which in turn may produce rapid swelling of the tablet and thus produced slower release.
In batches 2, 3 and 4 the quantity of MCCP incorporated In each batch three sub batches A, B and C were prepared with hardness of 6-8, 8-10 and 10-12 kg/cm 2 , respectively. was varied, to find out its effect on the dissolution profile. In vitro release of cephalexin from tablet formulation made with different percentage of MCCP was given in Fig. 5 . Incorporation of MCCP enhanced the drug release from the HPMC tablets. MCCP, in general, is used in tablet formulation as diluent and disintegrant. The disintegrant MCCP may disintegrate the hydrated layer, which is formed around the HPMC matrix when in contact with dissolution medium, thus may form pores/channels, thereby enhance the contact between drug and dissolution medium to give faster drug release. In all batches, three sub batches were prepared with different hardness (Table 1) in order to study its influence on in vitro release and to find out the suitable formulation, which can release the cephalexin in the predetermined rate. In general, increase in hardness in tablet will result in less porosity and slow drug release. As indicated in Figs. 4, 5 and 6, the increase in hardness of tablets formulated with HPMC results in increased drug release. This may be due to faster swelling of HPMC in tablets having lower hardness and higher porosity. Tablets with low hardness swell immediately forming a gel like layer around the tablet and blocking the surface pores, resulting in slower drug release. Therefore, this is also a considerable factor in optimising drug release. Only batch 2 has showed required release profile among formulated seven batches and it is comparable with the release of a marketed formulation as shown in Fig. 5 .
All other evaluation parameters like drug content, hardness, friability, weight variation, thickness and moisture content were studied for all the batches. All batches passed the acceptable limits of their respective parameters as shown in Table 2 . The in vitro release data obtained were fitted in to various kinetic equations. Correlations of individual batch with applied equation are given in Table 4 . The release rates were calculated from the slope of the appropriate plots. Batches 1, 2, 3 and 4 showed higher correlation with Higuchi plot than zero order and first order. Batches 5, 6, 7 showed higher correlation with zero order equation than Higuchi and first order. To find out release mechanism the in vitro release data were applied in Korsmeyer-Peppas equation. The release exponent n was determined and given in Table 4 . Batch 1 tablets formulated with 5.3 percentage of HPMC with respect to drug showed (nϭ0.28 to 0.35) Fickian diffusion. Batches prepared with 9.3 and 13.3% of HPMC showed (nϭ0.51 to 0.7) Anomalous (non-Fickian) diffusion. The tablet formulated with wetting agent (batch 7) showed (nϭ0.88 to 1.20) super case-II diffusion principle.
Accelerated stability studies were performed on batch 2 tablets as per ICH guidelines. The cephalexin content and in vitro release were tested at periodic time intervals. The cephalexin contents were decreased periodically as shown in 982 Vol. 51, No. 8 Table 3 , this may be due to the presence of moisture and heat. 2, 13, 14) The changes of in vitro release profile observed during stability studies are shown in Fig. 7 . The drug release become slower on storage, this is because of decrease in hardness of the tablet, may be due to ageing of HPMC gel, as given in Table 3 . In vitro release from the batch 2C with the hardness of 10-12 kg/cm 2 was found to be within predicted release profile for longer time than the other batches. All other tested parameters of batch 2C were in acceptable limits as given in Table 3 and only this batch among formulated twenty one batches, was found to the suitable formulation for cephalexin extended release tablet. The in vitro release data obtained during stability studies were fitted to Higuchi and Peppas model to find out the change in release rate and mechanism. The correlation coefficients and n value of tested batches remain nearly the same during stability studies as shown in Table 5 . No change in release mechanism was observed, but the release rate constants were decreased as given in Table 5 . 
